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© Method of forming a joint between a TI-AI alloy member and a steel structural member. 



© Disclosed is a method of forming a joint between 
a Ti-AI alloy member which consists mainly of an 
intermetallic compound TiAl, and a steel structural 

3 member. The method uses an intermediate member 
made of an austenitic stainless steel or a heat resis- 

CSltant steel, or a Ni-based or Co-based super-alloy, 

2 between the above two members, and the intermedi- 
ate member and the steel structural member are 

<® friction welded together. The resultant jointed ma- 
chine parts find utility in engine valves. 
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METHOD OF FORMING A JOINT BETWEEN A TJ-AI ALLOY MEMBER AND A STEEL STRUCTURAL MEMBER 



The present invention relates to a method of 
forming a joint between a Ti-Al alloy member which 
consists mainly of the intermetallic compound TiAi 
and a structural member made of steel to produce 
a machine structural part. The invention also re- 
lates to jointed machine parts produced by this 
method. 

It is becoming more popular to use Ti-Al alloys 
which are heat resistant (durable at a temperature 
of 700* C or higher) and light weight (specific grav- 
ity 3.8) as the material for machine parts which 
move rotationally or reciprocally at a high speed, 
such as turbine blades and engine valves or 
wheels of turbo-chargers. 

The present inventors have previously conduct- 
ed research with coworkers on materials suitable 
for the above use and developed various Ti-Al 
alloys. For example, the alloy which consists es- 
sentially of 32 - 38 % of Al and the balance of 11 
and contains 0.005 - 0.20 % of B, and the alloy 
which essentially consists of the above quantities 
of Al and Ti and contains, in addition to the above 
quantity of 6, up to 0.2% of C. up to 0.3 % of 0 
and/or up to 0.3 % of N (provided that 0 + N add 
up to 0.4 %) are disclosed in Japanese Patent 
Document Sho 63-125634. These alloys have im- 
proved strength and toughness when compared 
with the conventional Ti-Al alloys. 

Further examples are the alloy which consists 
essentially of 32 - 38 % of Al and the balance of Ti 
and contains 0.05 - 3.0 % of Ni and/or 0.05 - 3.0 % 
of Si. and the alloy according to this composition 
further containing the above quantity of B or a 
controlled amount of C, O and N (Japanese Patent 
Document Sho 62-236609). These alloys are of 
higher ductility and easy to cast 

In order to make it possible to use me Ti-Al 
alloy member under the conditions of a high tem- 
perature and high speed movement such as rota- 
tion, it is necessary to join the member to an axis 
of structural steel which can be surface hardened. 
The term "structural steel" means the steels to be 
used as the material for the structural member of 
machine parts. For example, in a hot wheel of a 
turbocharger, SCM-steel or SNCM steel is used for 
the axis of rotation, and in an engine valve, marten- 
sitic heat resistant steel is used for the stem. All 
the steels of this kind are included in the structural 
steels. 

As a means for forming a joint between the Tt- 
Al alloy member and the structural steel member, 
shrink fitting has been tried, but usually, silver alloy 
brazing is used. However, because the temperature 
of the exhaust gas has become higher due to me 
increased output of engines, brazing is becoming 



less reliable. i.e. there are problems with the 
strength of the brazed parts during use. 

On the other hand, Ni-based superalloy is also 
used as a material for the hot wheels, and friction 

5 welding is used for connecting the wheel to the 
axis made of the structural steel. Friction welding 
gives a higher strength to the jointed part, in com- 
parison with the welding method using a filler met- 
al, which is 95 % or higher of the strength of the 

10 base metal, and therefore, it is a preferable welding 
method for manufacturing these kinds of machine 
parts. 

Even if it is attempted to use friction welding to 
joint a hot wheel made of a Ti-A! alloy and an axis 
is made of a structural steel such as SCM 435, the 
jointing is not successful because cracking occurs 
after the welding is done. This is due to breakage 
of the jointed part because of martensitic trans- 
formation which has occurred in the material of the 
20 axis during cooling after the welding at a high 
temperature generated by the friction, resulting in 
volume expansion, and because of formation of 
brittle substances such as TiC at the jointed region. 
The object of the present invention is to enable 
26 manufacture of desired machine parts by jointing 
the Ti- Al alloy member and the structural steel 
member such as an axis to give a joint which is 
durable at a higher temperature, and thus, to solve 
the above noted problems. 
30 Thus, according to one aspect of the present 
invention there is provided a method of forming a 
joint between a Ti-Al alloy member which consists 
mainly of an intermetallic compound TiAl, and a 
steel structural member, characterized in that the 
35 joint is formed using an intermediate member com- 
prising an austenitic stainless steel or a heat resis- 
tant steel, or a Ni-based or Co-based super alloy, 
between said members; said intermediate member 
being friction welded to said steel structural mem- 
40 ber. 

According to a further aspect there is provided 
a jointed machine part comprising a Ti-Al alloy 
member which consists mainly of an intermetallic 
compound TiAl. and a steel structural member, 

45 characterized in mat said ThA! alloy member and 
said steel structural member are connected via an 
intermediate member comprising an austenitic 
stainless steel or a heat resistant steel, or a Ni- 
based or Co-based super alloy, said intermediate 

so member being friction welded to said steel struc- 
tural member. 

Throughout me specification, all percentages 

are by weight 

In me accompanying drawings. Fig. 1, Fig. 2 
and Fig. 3 illustrate an example of a machine part 
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manufactured by the present method of forming a 
joint. Rg. 1 and Fig. 2 show a hot wheel of a 
turbocharger, and Rg. 3 shows an engine valve; all 
the figures are side views in which half of the side 
view is in cross section. 

Rg. 4 is a graph showing the results of hot 
torsion testing of the jointed parts obtained by the 
present method. 

Where an austenitic stainless steel member of 
a heat resistant steel member is used as the inter- 
mediate member, the intermediate member and 
the Ti-AI alloy member may be joined by friction 
welding. 

If it is desired to realize an extremely good 
high temperature strength at the jointed part a 
precipitation-hardened type Ni-based superalloy 
may be used as the material of the intermediate 
member. Friction welding is a useful way of for- 
ming a joint also in this case, but it is possible to 
form a joint instead of the friction welding, by 
means of internal chilling or insert-casting to partly 
envelope the Ni-based intermediate member with 
the Ti-AI alloy member. This is because both this 
kind of Ni-based superalloy and the Ti-AI alloy 
have similar thermal expansion coefficients. 

The present invention can be applied to all the 
Ti-AI alloys mentioned above, but, in view of the 
use of the machine parts which are used under a 
high temperature and high speed rotational or re- 
ciprocal movement, it is advisable to use, even if 
the alloy composition shifts from the intermetallic 
compound TiAl (Al:36 % - Ti:64 %), a Ti-rich 
composition, and an Al-Rich composition is not so 
useful. 

Accordingly, preferred Tt-AI alloys to which the 
present invention may be applied are those having 
the following compositions: 

1 ) a Ti-AI alloy containing 32 - 36 % Al and 
the balance substantially of Ti, 

2) a Ti-AI alloy containing 32 - 36 % of Al, at 
least one component selected from the following 
groups: 

a) 0.005 - 0.20 % of B, 

b) Up to 0.2 % of C and up to 0.3 % of O 
and/or up to 0.3 % of N (provided that O + N is 
not higher than 0.4 %), and 

c) 0.05 - 3.0 % of Ni and/or 0.05 - 3.0 % 
of Si, and the balance of Ti. 

An example of the machine part which is a hot 
wheel of a turbocharger is shown in Rg. 1 . The hot 
wheel consists of a wheel 1A of the Ti-AI alloy, a 
ring of INCONEL 751 as the intermediate member 
2A and a rod of SCM 435 steel as the axis 3, and 
is manufactured by forming joints between all the 
members by friction welding. 

Rg. 2 shows a similar machine part, which is 
manufactured by incorporating a nut-shaped Ni- 
based super alloy member 2B as the intermediate 



member with the material of the wheel 1B when 
casting the tatter, and forming a joint between the 
thus made intermediate member and the rod of 
axis 3 by friction welding. 

5 The machine part shown in Rg. 3 is an engine 

valve, which is manufactured by jointing all the 
members, a valve body 4 of the Ti-AI alloy, a disk 
5 of INCONEL 751 as the intermediate member, 
and a stem 6 of SUH3 steel, by friction welding. In 

w order to finish the above prepared blank to the 
valve, it is of course necessary to treat the stem by 
toughtride (soft nftriding) treatment so as to 
surface-harden, and apply build up welding of a 
hard metal such as Stelite to the part which con- 

rs tacts the valve seat. 

According to the present method of jointing, it 
is possible to joint the Ti-AI alloy member which is 
light-weight and has good heat resistance to the 
structural steel member which is surface hardena- 

20 ble and has high strength, and to give high 
strength to the jointed part. 

The improved high temperature strength of the 
jointed part enables application of high frequency 
hardening or flame hardening for surface hardening 

25 to the journal part or the seal ring groove neighbor- 
ing to the jointed part 

Because the heat resistant alloys used in the 
present invention as the intermediate member gen- 
erally have lower thermal conductivities, even if the 

do Ti-AI alloy member is subjected to a high tempera- 
ture, heat transfer from the member to the axis 
member is relatively small. This contributes to in- 
crease of durability of the machine part such as the 
journal. 

35 Thus, the present invention is particularly use- 

ful when applied to manufacturing of machine parts 
such as hot wheels of turbochargers, engine 
valves, turbine blades and disks. 

40 

EXAMPLE 

The following three materials all in the form of 
a rod of diameter 8.5 mm were friction welded with 
46 a break-type welding machine to form a single rod. 
Welding was carried out first at the end faces of 
"A" and "B", and then, the end faces of "B n and 

A) Ti-AI alloy (Al 36 %, Hv 250) 
so B) INCONEL 751 (HRC 39) intermediate 

member 

C) SNCM 439 steel (HRC 33) axis member 
Flashes which occurred at the welded parts 
were removed by cutting with a lathe. 
55 Hot torsion tests on the jointed parts confirmed 

that the strength is sufficient as shown in Rg. 4. 
Breakage occurred in the Ti-AI alloy member, one 
of the base metals. 
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Claims 



1. A method of forming a joint between a Ti-AI 
alloy member which consists mainly of an inter- 
metallic compound TiAl, and a steel structural 5 
member, characterized in that the joint is formed 
using an intermediate member comprising an 
austenitic stainless steel or a heat resistant steel, or 

a Ni-based or Co-based super alloy, between said 
members; said intermediate member being friction to 
welded to said steel structural member. 

2. A method as claimed in claim 1. wherein 
said intermediate member is made of an austenitic 
stainless steel or a heat resistant steel, and said 
intermediate member is friction welded to said Ti- is 
Al alloy member. 

3. A method as claimed hi claim 1. wherein 
said intermediate member is made of Ni-based 
alloy of -/-precipitation hardened type, and said 
intermediate member is connected to said Ti-AI 20 
alloy member by insert-casting. 

4. A jointed machine part comprising a Ti-AI 
alloy member which consists mainly of an inter- 
metallic compound TiAl, and a steel structural 
member, characterized in that said Ti-AI alloy 25 
member and said steel structural member are con- 
nected via an intermediate member comprising an 
austenitic stainless steel or a heat resistant steel, or 

a Ni-based or Co-based super alloy, said inter- 
mediate member being friction welded to said steel 30 
structural member. 

5. A jointed machine part as claimed in claim 
4, wherein said Ti-Af alloy member consists of 32 - 
36 % of Al and the balance of Ti. 

6. A jointed machine part as claimed in claim 35 
4, wherein said Ti-AI alloy member consists of 32 - 

36 % of Al, at least one component selected from 
the following groups: 

a) 0.005 - 0.20 % of B; 

b) up to 0.2 % of Carbon, and up to 0.03 % 40 
of Oxygen and/or up to 0.3 % of Nitrogen 
(provided that O + N is up to 0.4 %); 

c) 0.05 - 3.0 % of Ni and/or 0.05 - 3.0 % of 
Si. and the balance of Ti. 

7. A jointed machine part as claimed in any 45 
one of claims 4 to 6 wherein said steel structural 
member is a martensitic heat resistant steel mem- 
ber and said intermediate member is a Ni-based 
super alloy member. 

8. An engine valve comprising a jointed ma- so 
chine part as clamed in any one of claims 4 to 7. 
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© Method of forming a Joint between a Ti-AI alloy member and a steel structural member. 



© Disclosed is a method of forming a joint between 
a Ti-AI alloy member (1A) which consists mainly of 
an intermetallic compound TiAl, and a steel struc- 
OOtural member (3). The method uses an intermediate 
^member (2A, 2B) made of an austenitic stainless 
^ steel or a heat resistant steel, or a Ni-based or Co- 
based super-alloy, between the above two members, 
CO and the intermediate member and the steel struc- 
jjQtural member are friction welded together. The resul- 
COtant jointed machine parts find utility in engine 
W valves. 
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